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RYEGRASS POLLEN SPECIFIC PROMOTERS AND EXPRESSION CONTRUCTS 

The present invention relates generally to an isolated nucleic acid molecule 
capable of modifying tissue-specific expression, preferably of a second nucleic 
5 acid molecule operably linked thereto. More particularly, the present invention is 
directed to an isolated nucleic acid molecule, capable of modifying pollen-specific 
expression, preferably of an operably linked second nucleic acid molecule. The 
present invention further contemplates constructs including the molecule and 
methods of using the molecule, including for example, the modification of gene 
10 expression in pollen, such as via down- or up-regulation, and the introduction into 
pollen of desired phenotypes. 

Forage grasses are the backbone of sustainable agriculture and contribute 
extensively to the world economy. Two related genera, Festuca (fescues) and 
Lolium (ryegrasses) are of significant value in temperate grasslands. These 

15 genera contain well-adapted, very productive grasses widely distributed in 
temperate and cool climates in North and South America, Europe, Asia, Australia 
and New Zealand, where they are used for agricultural and recreational purposes 
(Jauhar 1993). The commercially most important ryegrasses in cool temperate 
climates throughout the world are Italian or annual ryegrasses. In New Zealand 

20 and Australia, perennial ryegrass is grown on more than 10 million ha providing 
high quality forage to support over 60 million sheep and cattle (Siegel et a/. 1985). 
However, ryegrasses and other forage species are also responsible for a major 
portion of grass pollen allergies worldwide. Pollen allergy, in particular grass pollen 
allergy, is a major environmental disease that afflicts about 20% of the population 

25 in cool temperate climates. 

Accordingly, there is a need for a means for the generation of useful 
agronomic plants having modified pollen-specific gene expression, for example 
plants that are inter alia male sterile and/or that produce low allergenic pollen. 

In one aspect, the present invention provides an isolated nucleic acid molecule 
30 including a sequence of nucleotides selected from the group consisting of (a) a 
nucleotide sequence set forth in SEQ ID NO:2 or 3; (b) a sequence which 
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hybridises to SEQ ID NO:2 or 3 under moderately stringent or high stringency 
colons; (c) a complement of (a) or (b); and (d, a fragment or variant of (a), (b) 

wherein said molecule is capable of modifying pollen-specific expression 
5 preferably of an operably-linked second nucleic acid molecule. 

The nucleic acid mo|eolj|e may be obtejned ^ ryegrass ^ 
fescue (Fesfuca) species. These species may be of any suitable type, including 
ItaHan or annual ryegrass, perennial ryegrass, hybrid ryegrass, «a.l fescue 

10 7TZ feSCUe ^ f6S0Ue - Preferab,y thS SpeCfes is a 'no- 
lo preferably perenmal ryegrass (L. perenne). The nucleic acid molecule may also be 

a synthethic molecule. 

A pollen-specific promoter has been isolated from Lotium perenne, which 
promoter shows useful properties for targeted pollen-specific expression Such 
promoters are particularly useful in the production of low pollen allergen transgenic 

15 P^^.^transgenecontainmentand/or fo rthedown- re gulationoftheex P ression 
o genes that are invofved in pollen development to produce, for example, male 
stenle or infertile plants. 

The modification of pollen-specific gene expression has many uses in plant 

20 TT 9 , deVe '° Pment F0r exam <" e ' *e potential of biotechnology in 
me development of improved plant cultivars is now well recognised, the possibility 
for ransgene escape to wild and non-transformed species raises commercial and 
ecolog,cal concerns. Accordingly, one possible use is in the development of 
mechanisms whereby transgenic piants are caused to be male infertile, thereby 
reducing ,he potential for cross-pollination with other, non-transgenic plants. The 

25 regulat,on of male fertility in plants also has other applications; for example in the 
maintenance of uniformity and hybrid vigour of F1 hybrid plants by ensuring mat 
self-poll,nation is minimised during seed production. 

In other instances, it may be desirable to modify pollen-specific gene 
expression in order to reverse sterility. 



WO 2004/113536 

PCT/AU2004/000802 



3 



crosj" T CaS6S ' " ^ 66 deS ' rab,e 10 9enera,e fer * 

c oss,ng a plant, which has been caused to be ma ,e Infertne. wfth another Lite 

Piant, upon which has been conferred pollen-specffic expression of a desired trait. 

Another possible use relates to the high pollen allergen production of 
5 c erta ,n p an. spaces. The ability to modify polten gene expression would pern* 
manrpulahon of the product o, pollen allergens by plants, thereby facilitating the 
development of plants causing reduced pollen allergenicity. 

As usedherein. the term 'isolated" means that the material is removed from 
rts ongmal environment (eg. the natural environment if i, is naturally occurring) For 

ZT'h ,T a " y ° Cain>na nUC,e,C aC,d fta9ment ~ in a P'ant is no, 
■solated, but the same nuclefe add fragment separa(ed fr om ^ ^ 

coexrsbng materials in the natural system, is isolated. Such an isolated nuclete 
acrd fragment could be part of a vector and/or such nuCeic acid tegmenta could 

15 h „T "I l*™ 0 "' and S,i " te iSOlated " * at SUCh 3 vector ° r 
15 is not part of its natural environment. 

The term "isolated" also encompasses synthetic molecules, for example of 
a hybrid or modular promoter. 

By Variant" in respect of a nucleotide sequence is meant, for example, an 
analogue, denvative or mutant, which remains capable of modifying poilen-specific 
20 expressron, preferably of an operably-linKed second nucleic acid molecule. 

Such vanante include naturally occurring allelic variants and non-naturally 
occumng variants. Additions, deletions, subsfltotions and derivations of one or 
more o, the nucleotides are contemplated so long as the modfficafions do no. 
result ,n loss of fonctional activity of me variant. Preferably the variant has at least 
25 approxrmately 80% identity, such as for example 81%, 82%, 83% 84% 85°/ 
56%, 87%, 88% or 8 9 % IdentKy to the relevant part of the above menZ' 

2 y Z; 7ZT~* ** aPProXimat ^ ^ «* - 'or example 91 %. 
92* 93% or 94%, Identity, most preferably a. teast approximately 95% identify 
such as for example 96%, 97%, 98%, 99% and 1 00% identity. 
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The present invention also extends to variants of the nucleic acid molecule 
of the present invention, which variants are from a ryegrass (Lolium) or fescue 
Festuca) species, and which variants have a corresponding coding region with at 
least approximately 80% identity, such as for example 81%, 82%. 83% 84% 
85%, 86%, 87%, 88% or 89% identity, more preferably at least approximately 90% 
identity, such as for example 91%. 92%, 93% or 94%. identity, most preferably at 
least approximately 95% identity, such as for example 96%, 97%, 98%, 99% and 
100% identity to the coding sequence shown in Fig 1 hereto. 

By fragment" in respect of a nucleotide sequence is meant a part of the 
nucleic acid molecule, which remains capable of modifying pollen-specific 
expression, preferably of an operably-linked second nucleic acid molecule. Such 
fragments may have a size of, for example, at least approximately 15 nucleotides 
at least approximately 30 nucleotides, at least approximately 45 nucleotides ai 
least approximately 100 nucleotides, or at least approximately 200 nucleotides. ' 

In a particularly preferred embodiment the fragment may include one or 
more sequences selected from the groups consisting of: 

AGGTCA (Zm13 Q element; SEQ ID NO:4); 

TGTGGTTATATA (LAT52 element; SEQ ID NO: 5); and 

GTGA (GTGANTGIO element; SEQ ID NO:6). 



By "operably-linked- is meant that the nucleic acid molecule of the present 
invention is capable of causing expression of a second or further nucleic acid 
molecule in a plant cell. Usually, the nucleic acid molecule is upstream of the 
second or further nucleic acid molecule. Where a terminator is operably-linked the 
tenrtnator is capable of terminating the expressed transcript of the second or 
25 farther nucleic acid molecule. Usually, the terminator is downstream of the second 
or further nucleic acid molecule. 

By "expression" is meant that a relevant nucleic acid molecule is 
transcribed and optimally translated. Thus, the term "expression" can relate both 
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to the transcription of ribonucleic acid (RNA) from the DNA, as well as the 
transcription of RNA followed by the translation of that RNA into an amino acid 
sequence. Modifying expression includes, for example the situation where the 
nucle.c acid molecule of the present invention is used to down-regulate expression 
of an endogenous gene, for example using anti-sense or sense suppression 
technology, or interfering RNA (RNAi) or hairpin approaches. Modifying 
expression also includes use of the nucleic acid molecule of the present invention 
to express a protein encoded by an existing endogenous gene or to introgress an 
exogenously-derived sequence and optionally express protein therefrom. 

By "pollen-specific" is meant that the expression is substantially confined to 
the pollen. 

"Moderately stringent conditions" or "high stringency conditions" for 
hybridization may be identified as described by Sambrook etal, 1989, the relevant 
disclosure of which is incorporated herein by reference. 

Such conditions are readily determinable by a person skilled in the art and 
are generally an empirical calculation based on probe length, salt concentration 
and washing temperature. For example, the use of a washing solution including 
approximately 0.7 to approximately 0.2 x SSC (standard sodium citrate) at 
approximately 50°C to approximately 60°C, would generally be considered 
moderately stringent conditions. For example, the use of a washing solution 
including approximately 0.2 to approximately 0.1 x SSC at approximately 60»C to 
approximately 70°C would generally be considered high stringency conditions. 

Reference herein to a "gene", "second nucleic acid molecule" or "further 
nucleic acid molecule" is to be taken in its broadest context and includes a 
25 deoxyribonucleic acid (DNA) sequence which is capable of having its expression 
modified by the nucleic acid molecule of the present invention. As referred to 
above, the term "expression" can relate both to the transcription of ribonucleic acid 
(RNA) from the DNA, as well as the transcription of RNA followed by the 
translation of that RNA into an amino acid sequence. Accordingly, a gene second 
or further nucleic acid molecule includes within its scope both a DNA coding for an 
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amino-acid encoding RNA (i.e. mRNA) as wel, as a DMA encoding a RNA that 
does not code for an amino acid sequence. Such an RNA that does not code for 
an am,no add sequence may inciude an antisense RNA. A gene, second or 
further nuc,e,c acid moiecuie may be of a wiid-type or aitered form. In the case of 
5 an aitered form, the sequence may be modified by alterations to the nucleotide 
secjusnc©. 

In a preferred embodiment of this aspect of the invention, the further nucleic 
act .molecule is a sequence, for example a gene or fragment thereof, capable of 
modifying expression of a pollen allergen, preferably capable of causing down- 
10 regutabon of expression of a pollen allergen. Preferably the pollen allergen is Lo,p 
1 and/or Lol p 2. H 

In a preferred embodiment of this aspect of the Invention, the isolated 
nuclei acid molecule includes the nucleotide sequence shown in SEQ ID NO-2 or 
3 or a fragment or variant thereof. In a particularly preferred embodiment, the 
15 fragment or variant may include the nucleotide sequence shown in SEQ ID NO-2 
or 3 modified so that the fine, nucleotide in the termina, 3' nucleotide sequence 

h!M ^ *" PenU "' ma,e nUde0,ide ,hat S °<V«™ * Edified 

such that the sequence is CCAC. 

In a particularly preferred embodiment the fragment may include one or 
20 more sequences selected from the groups consisting of: 

AGGTCA (Zm1 3 Q element; SEQ ID NO:4); 

TGTGGTTATATA (LAT52 element; SEQ ID NO: 5); and 

GTGA (GTGANTGIO element; SEQ ID NO:6). 

,n a fu "her aspect of the present invention there is provided a construct 
25 , nc lud.ng a nucleic acid molecule according to the present invention. 

The term "construct" as used herein refers to an artificially assembled or 
■solated nucleic acid molecule, which includes the nucleic acid molecule of the 
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present invention, in genera, a construct may also include further nucleic acid 
molecu,e<s> of interest, a marker gene which in some cases may also be the 
further nucleic acid molecule of interest and other appropriate regulatory 
sequences. I. should be appreciated that the inctusion of these other regulatory 
5 sequences in the construct is optional, for example, such sequences may not be 
required in situations where the regulatory sequences of a host cell are to be 
used. The term construct includes vectors but should not be seen as being limited 
thereto. The term construct also includes chimeric genes. 

The term Vector as used herein encompasses both cloning and 
10 express™ vectors. Vectors are often recombinant molecules containing nucleic 
acid molecules from several sources. 

Accordingly, the consbuct may be a vector. In a preferred embodiment of 
thrs aspect of the invention, the vector may include a further nucleic acid molecule 
for example a gene or fragment thereof, a nucleic acid molecule according to the 
15 present invention and a terminator; said nucleic acid molecule, further nucleic acid 
molecule and terminator being operably-linked. 

In a preferred embodiment of this aspect of the invention, the further nucleic 
acrd molecule is a sequence, for example a gene or fragment thereof, capable of 
modrfying expression of a pollen allergen, praferably capable of causing down- 
20 regulation of expression of a pollen allergen. Preferably the pollen allergen is Lo,p 
1 and/or Lolp 2. H 

In another embodiment, the vector may include more than one further 
nucleic acid molecule. The further nucleic acid molecules within the same vector 
may have identical or differing sequences. In a particularly preferred embodiment 
25 each further nucleic acid molecule has one or mora upstream nucleic acid 
molecules according to the present invention and one or more downstream 
ermrnators, although expression of mora than one further nucleic acid molecule 
from an upstream nucleic acid molecule or termination of more than one further 
nuclerc acid molecule from a downstream terminator(s) is not precluded 
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vect ^ be ° f SU " able *»• and ma * be viral or non-viral The 

vertor may 5. an expression vector. Such veCora include chromosome, ™ 

JztLm r ,he,ic nucieio acw sequences ' * **— * Z 

viruses, bacterial plasmids; derivatives of th* tj „io * 
* nvauves ot the Ti plasmid from Agrobacterium 

bactnLnr , ? ^"osornes; bacteria, artificial chromosomes; binary 
bactena, arttoa, chromosomes; vectors derived from combinations of piasmids 
an Ph 9e DMA. However, any other vector may be U sed as ,ong as « s 
rep„cab,e, or integrative or viable in the plant cell. 

10 targe, ^T^" T " "* "** *" M ™* b * to me 

Inf Tl ^ aX09en ° US ' PTOVided ,nat » is »"*»- ^ the target 
plan, ce I. A vane* o, terminators which may be employed in me vectors ofl 

ZT" , " ^ '° ^ ^ ^ 3rt - ThS -y £ 

15 ZT. h 9en ° miC SeqUanCe fr ° m Whi ° h "» ™- sequence was 

15 ,so,a,ed or a different genomic sequence. Padiculady suitable terminal Z 

ITT ,? na ' S - ^ " ^ C8MV 358 P °' yA - «— -inatoTZ 
the nopal.ne synthase (ncs) and the octopine synthase (ocs) genes. 

to*. T" ^ inC ' Ude *"*"' neCeSS£ "y for -P^ion of the 

torther nuc,e,c acW moiecule, in different combinations, for exampie velr 
20 backbone, origin of replication (on), muitipie Zoning sites, spacer segued 

gt:~r tsuch , as - maize ubiqui,in uw ~ 

ohosnhn, f " eCtab ' e marker ^ (SUCh as *» neomycin 
phosphoWe ra se W gene, the hygmmycin phospho,ransfe ra se {hph) £ 

25 as " aCe,) " ,ranSferaSe 9ane,, and re po„er gene [such 

25 as beta-glucumnidase (GUS) gene feus4)] . The vector mgy a J ^ ^ 

nbosome b,nd,ng site for transition ini.ia.ion. The vector may also Z de 

appropnate sequences for amplifying expression. 

As an alternative to use of a selectable marker gene to provide a 
pheno,yp,c « tor selection of franstonned host cells, the presence of 'hereto 
30 ,n transformed celis may be defined by other techniques we,, known * met. 
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such as PCR (polymerase chein reaction). Southern blot hybridisation analysis 
histochemical GUS assays, northern and western blot hybridisation analyses. ' 

Those skilled in the art will appreciate that the various components of the 
vector are operably-linked. so as to result in expression of said further nucleic acid 
5 molecule(s) gene or genes. Techniques for operably Unking the components of the 
vector of the present invention are well known to those skilled in the art. Such 
techniques include the use of linkers, such as synthetic linkers, for example 
including one or more restriction enzyme sites. 

™* ~na™<* may be a chimeric gene. Accordingly, ln a further aspect of 
10 the present invention there is provided a chimeric gene including a nucleic acid 
molecule of the present invention operably linked to further nucleic acid 
molecule( S ) capable of causing down-regulation of expression of a pollen allergen 
for example a gene or genes encoding one or more pollen allergens or a fragment 
thereof. Preferably, the pollen allergens are the major polfen aliens Lo, p 1 
15 and/or Lo, p 2. The sequence of the further nucleic acid molecule may be in either 
a sense or antisense orientation when operably linked with the nucleic acid 
molecule of the present invention. In a preferred embodiment, the chimeric gene is 
included in a vector which may be used to transform a plant cell. 

The constructs, vectors and chimeric genes of the present invention may be 
20 incorporated into a variety of plants, including: monocotyledons, such as grasses 
from the genera Lollum. Fesfuca, Paspa/um, Pe nn /sef Um , Panicum and otner 
forage and turfgrasses, com, rice, sugarcane, oat, wheat and barley; dicotyledons 
such as arabidopsis, tobacco, soybean, canola, cotton, potato, chickpea, medics' 
whrfe clover, red clover, subterranean Cove, alfalfa, eucalyptus, poplar, and 
25 hybnd aspen; and gymnosperms, such as pine tree. In a preferred embodiment 
the vectors may be used to trensfonn monocotyledons, preferably grass species 
such as ryegrasses (Lolium species) and fescues (Pesfuca species), even more 
preferably perennial ryegrass (LoVum perenne), Italian ryegrass (Lo,,u m 
muHmorum) and hybrid ryegrass (Lo/fum x boucheanurn), including forage- and 
30 turf-type cultivars. 
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Techniques for incorporating the constructs, vectors and chimeric genes of 
the present invention into plant cells (for example by transduction, transfection or 
transformation) are known to those skilled in the art. Such techniques include 
Agrobacterium-mediated introduction, electroporation to tissues, cells and 
protoplasts, protoplast fusion, injection into reproductive organs, injection into 
.mmature embryos and high velocity projectile introduction to cells, tissues calli 
immature and mature embryos. The choice of technique will depend largely on the 
type of plant to be transformed. Other considerations include the ease of 
transformation, type of tissue and number of gene inserts required. 

Cells incorporating the constructs, vectors and chimeric genes of the 
present invention may be selected, as described above, and then cultured in an 
appropriate medium to regenerate transformed plants, using techniques well 
known in the art. The culture conditions, such as temperature, pH and the like, will 
be able to be determined without undue experimentation by the person skilled in 
the art. The resulting plants may be reproduced, either sexually or asexually using 
methods known in the art, to produce successive generations of transformed 
plants. 

In a further aspect of the present invention there is provided a plant cell 
plant, plant seed or other plant part, including, e.g. transformed with, a nucleic acid 
20 molecule, construct, vector or chimeric gene of the present invention. 

The plant cell, plant, plant seed or other plant part may be from any suitable 
species, including monocotyledons, dicotyledons and gymnosperms. In a 
preferred embodiment the plant cell, plant, plant seed or other plant part is from a 
monocotyledon, preferably a grass species, more preferably a ryegrass (Lolium 
species) or fescue (Festuca species), even more preferably perennial ryegrass 
(Lohum perenne), Italian ryegrass (Lolium multiflorum) and hybrid ryegrass 
(Lolium x boucheanum), including both forage- and turf-type cultivars. 

The present invention also provides a plant, plant seed or other plant part 
derived from a plant cell of the present invention. The present invention also 
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• •"»* aspect of ft. present invention mere is provided a to* aliergy 
Plan, ,nc,ud,ng a nuoleic acid moiecule, construct, vector or chimeric gene tf, he 
= invention, in a prefers embodiment, the tow ..ergy ptont is a ZlZ 



mod J aSPSOt °' PreSen ' inVenti ° n * ere is Prided a method of 

TeZ IT eXPreSSi ° n P °" en> ^ B -" d '"to a pin 

eei, an effete amount o, a nucleic acid moiecuie, construct, vector or chimeric 
10 gene according to the present invention. or cnimenc 

By "an effective amount" is meant an amount sufficient to result in an 
*T PheTOtypiC « in ,h ° *■* -II. or a piant. piant seed or" er P ,a„" 
pari denved therefrom. Such amounts can be readily determine ! an 

15 a a dZr,7 PerSOn ' in, ° *» «" « ^rol o 

15 adm,n,stra„on and other relevant factor. Such a person w»l readiiy be able to 

detenn.ne a suitoble amount and method o, administration. See. I exampto 

sir e ' et 1989, ,he reievam disc,osure * -» * "—.ad ;:r ; 
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In a preferred embodiment of this aspect of the present invention the 
nucle. acid molecuie according to the present invention is used to d £ £ 
pollen-spectfc expression o, a further nucieic acid molecuto to down- reg ^ 1 
express™ of polien aitorgens in fhe p,ant. Oown-regulation may be achieved 2 

ari inl 3 7" °' ^ ,eChniqUeS ' feadi,y aVai,aWe *° * -*» — to Z 
art ,„c,ud, ng for examp|e ant|sense ^ sense suppressfon he 

gene s„enc ( ng .echnoiogies such as We the use of interfering RNA Preferable 
allergen is selected from the major pollen aliergens Lo, p f and ^ 2 The 
seouence o, the furiher nucieic acid molecule may be in either l se 0 
a .sense orientation when opembiy link ed with the nuCeto acid motocuto'Ve 
present mvenhon. Aiternativeiy. the furiher nucieic acid molecuie may £ 
mcorporated as mu,«ip,e copies, ,„ eKher orientation, in a range of possibie RNA , 
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generating constructs. RNAi technology has been described in a wide range of 
publications including, for example. Fire. A. ef a/ (1996); Caplan. N. e, a/ (2000)- 
Pate " 4 6 ' 506 . 5 59: international patent applications WO 99/53050 and WO 
99/49029; and US patent 6.573,099. 

5 Using the methods and materials of the present invention, genes may be 

targeted for expression in pollen, or the expression of pollen-specific genes may 
be modified. For example, gene expression may be facilitated in pollen by placing 
a copy or copies of a further nucleic acid molecule, for example the gene to be 
expressed or a fragment thereof, operably under the control of the nucleic acid 

10 molecule according ,o me present invention. Furthermore, a nucleic acid molecule 
of the present invention may be used to induce a further nucleic acid molecule 
for example a gene or fragment thereof, into a plant for specific purposes such as 
introducing male sterility. Alternatively, decreased expression of an endogenous 
pol en-specmc gene may be achieved by placing a sense or antisense nucleic acid 

15 molecule or dsRNA or small interfering RNA (siRNA) derived from the gene 
operably under the control of the nucleic acid molecule according to the present 
invention. 
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In a further aspect of the present invention there is provided a method of 
producing a plant with reduced male fertility compared with a wiid type plant said 
method including introducing into the plant a nucleic acid molecule of the present 
invention in combination with a further nucleic acid molecule capable of 
modulating ma.e fertility. Preferably the plant is a male sterile plant. In a preferred 
embodiment, the further nucleic acid molecule may be capabie of modifying pdlen 
development, even more preferably the further nucleic acid molecule may be 
involved in and is preferably a gene or a fragment thereof critical to pollen 
development. In a further preferred embodiment, the expression of the further 
nudeic acid molecule may result in cell death at the site of expression. In a further 
preferred embodiment the further nucleic acid molecule may encode the bacterial 
nbonuclease bamase or a fragment thereof. The use of the nucleic acid molecule 
according to the present invention may enable the specific expression of the 
relevant gene in pollen, reducing any unwanted side-effects of expiession in other 
plant tissues. 
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In a further aspect of the present invention there is provided a plant with 
reduced maie fertility compared with a wild type plant, preferably a male sterile 
Plant, produced according to the methods according to the present invention. Such 
plants may be used to develop a transgene containment system by reducing 
pollen fertility. Furthermore, such plants may be used in hybrid seed production. 

In a further aspect of the present invention there is provided a preparation 
for transforming a plant including a nucleic acid molecule according to the present 
mvention. The preparation may contain vectors or other constructs to facilitate 
administration to and/or transformation of the plant with the nucleic acid molecule. 

The present invention will now be more fully described with reference to the 
accompanying Examples and drawings. It should be understood, however that 
the description following is illustrative only and should not be taken in any way as 
a restriction on the generality of the invention described above. 

In the Figures: 



20 



25 



F,gure 1 shows sequence of genomic clone (SEQ ID NO:1) showing putative 
promoter (SEQ ID NO:2) and coding regions. Ita.ics (and partially bold): 952 bp of 
genomic sequence (SEQ ID NO:3); doubly underlined: coding sequence- bold 
•tal.es, dashed underlined: primer D21pr1L; bold italics: primer D21pr1R (partially 
doubly underlined). Also shown is the Sad restriction site (bold) and several stop 
codons in the coding region of the gene (bold underlined). 

Figure 2 shows the analysis of promoter elements of the 952 bp genomic 
region of the po.len-specific promoter from perennial ryegrass; Zm13 Q element 
(solid arrowheads), LAT52 element (outlined arrowheads) and GTGANTG10 
element (hatched arrowhead). 

Figure 3 shows chimeric vectors containing the 952 bp genomic region A 
pLp952 : GUS fusion vector driven by the 952 bp genomic region pBS-260gn 
(Hamrtton et a/. 1992) was used as the basis for the construction of the promoter- 
reporter cassette for plant cell transformation using PEG-mediated transformation 
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techniques. PBS-260gn contains the GUS reporter gene (Jefferson ef a/. 1987) 
and the nopaline synthase (nos) terminator sequence. B Vector containing Lol p 1 
.n an antisense orientation driven by the 952 bp genomic region ( P LP2-asLolp1 ) C 
Vector containing Lol p 2 in an antisense orientation driven by the 952 bp genomic 
5 region (pLP2-asLolp2). 

Figure 4 shows chimeric vectors for gene silencing based on the formation 
of double-stranded RNA using the 952 bp genomic region of the pollen-specific 
promoter from perennial ryegrass from the present invention. A Vector containing 
mverted repeats of ca. 200 bp fragment of Lol p 1 with LpCCRI intron. B Vector 
10 containing inverted repeats of ca. 200 bp fragment of Lol p 2 with LpCCRI intron 
C Vector containing inverted repeats of combined ca. 200 bp fragments of Lol p 1 
and Lol p 2 with LpCCRI intron. 

Figure 5 shows steps involved in the generation of transgenic tobacco using 
d.rect PEG-mediated gene transfer. A tobacco protoplasts. B Callus regenerated 
15 from tobacco protoplasts. C Putative transgenic tobacco plantlets on selective 
medium. D Putative transgenic tobacco on root-inducing medium. 

Figure 6A shows PGR analysis of transgenic tobacco plants containing the 
L P 952GUS construct using GUS specific (gusA) primers B. Southern hybridisation 
of the PCR positive plants showing the stable integration of gusA (Probe.gusA). 

20 Figure 7 shows GUS histochemical staining of pollen collected from 

transgenic tobacco plants containing the Lp952GUS construct. 

Figure 8 shows steps involved in the generation of transgenic ryegrass to 
down-regulate the expression of pollen allergens using used to direct the pollen- 
specrfic expression of a gene to down-regulate the expression of pollen allergens 
25 A Immature perennial ryegrass inflorescence. B - F Development of callus from 
immature perennial ryegrass inflorescence. G Immature inflorescence-derived 
callus spread on filter disc ready for particle bombardment. H particle delivery 
system. I, J Regenerating perennial ryegrass plantlets on selective medium K 
Putat.ve transgenic perennial ryegrass plantlets on root-inducing medium L 
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Putative transgenic perennial ryegrass plants under containment glasshouse 
conditions. 

EXAMPLE 1 

Cloning of a M pyei Pmmntar 

5 In one embodiment of the present Invention, a p ro mo.er sequence was 

.se ated trom a gene A 3 g kb ^ ^ 

isolated from a Lambda-DASH II (Sfratagene) genomic library consfructed f rom 

Perennia ' ~ L.) cv. Bartano after 

hybnd.safion screening of the genomic library wfth a io/ P 2 cDNA sequence. 

10 Pos*ve plaques from the tertiary screen were amplified and purified phage DNA 
was .solated. The genomic region was fully sequenced (Figure 1, and found to 
contarn 3.3 kb inducing approximately 2.7 kb 5' promoter region and 567 bp of 
gene sequence which has an ORF of 366 bp and encodes a small protein of 122 
am.no acids. Promoter elements of the 952 bp genomic raglon of the pollen- 

15 speedte promoter from perennial ryegrass are shown (Figure 2). 

EXAMPLE 2 

Construction of rhimerin G«no Vgcfers 

A PCR product containing 952 bp of promoter region (SEQ ID NO-3) was 
produced using standard PCR conditions. The sequences of the primers follow. 

20 D21 pr1 L: 5'-AAAAGTGTGCTGGGATGGTG-3' (SEQ ID NO:7) 

D21pr1R: 5'-CCATCCAACAAATCCAGAATGGCTTCC-3' (SEQ ID NO:8) 

The 952 bp PCR product was purified, subcloned into pGEMTeasy 
(Promega), and sequenced to check for PCR amplfflcation errors. A construct was 
made us,ng the above PCR product as a promoter in fusion wfth the reporter gene 
25 p-glucuron.dase (GUS) coding sequence (gusA) depicted in Figure 3 A 



WO 2004/1 135M 

PCT/AU2004/000802 

16 

The 952 bp PCR product was also used to construct vectors containing the 
polle aiiergen encoding seguences LC P 1 (Figure 3 B) and Lo, P 2 (Figure 3 c> 
,n anbsense onentation. These vectors were designed to be capable of siting 
the corresponding endogenous genes. syncing 

5 stoJtZrV™ Si ' enCin9 VeC, ° rS ^ °" ' he fo ™«<>" - 

stranded RNA are designed and constructed using the 952 bp PCR p rod uC as the 

regulatory element and shor, inverted repeats of W p 1. L olp2 and io ,p U L T P 
2 separated by a perennial ryegrass intron (Figure 4). 

EXAMPLE 3 

in the hI*,' meriC fUSi ° n VeC,0r0, EXamP ' e 1 WaS <™*>enica,,y messed 
1 5 pi med , h h 9e "° miC re9i ° n - Tran89eni ° ,0baCC ° Pla " te -re generated 

EE ZT 9ene ,ransfer (DGT) - tobacco prot ~ - 

A. .solatlon of mesophyl. protoplasts f«, m tobacco shoot cultures 

Fully expanded leaves (2-4) of a 6 week-old shoot culture were placed 
under sterile conditions in a 9 cm plastic culture dish containing 12 m , enjme 
20 soluton (1.0% (w/v, ceilulase -On^ R10 and 1.0% (w/v, Malozyme* R10, 
The leaves ware wetted thoroughly wtth enzyme solution and tha mid-ribs 

~5x e : e : f tt r ■* into smau pieces and — * ! 

i o n; at 25 C in the dark without shaking. 

The protoplasts were released by gently pipetting up and down, and the 
25 spens,on poured through a 100 p m stainless steal mesh sieve on a Too m" 

ProtoP ' aSt SUSPenSi ° n ^ ^ ^ ^ 14 

(Soan h Centrift ' 9e ' UbeS and Care,Ul,) ' ° Veriayed ™' 4h 1 •* W5 solution 
(Spangenberg ef a/ 1988). After conjugation for 5 rein, a, 70 g (Cements oS 
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Zr Ch ,T ,U9e ' SWin9 " 0U, ro, ° r ' 400 TPm) ' ,hS P*"— <— Pieced 
from . he .nterphase and transferred .o one new 14 m, centrifuge tube. 10 m, W5 

T T protoplas,s resuspended by 9entte - « 

5 and n: ' Pro,0P ' aStS "~ reSUSpended "0 m. W5 solution 
5 ^^^deterrntnedbycountinga^Odnutioninahaernooytornete, 

B. Direct gene transfer to protoplasts using polyethyiene giycol 

The protoplasts were pelleted [70 g at 400 rpm for 5 min .] and resuspended 
. formation buffer to a dens«y of 1.8 x 10« pro«op,as,s,mi. Care was Zn fo 

10 IT,: S,i,,,eaSP08SibteW5 ~'n,o, h e t ransforma,io n mix. Samp^ 
10 ,300 „ of he protopias, suspension (ca. 5 x 10= protop(asts) were aliquoted ^ 
m. stenle p lasbc centrifuge tubes, and 30 p. o, transforming DNA were added 
After carefu,,y mixing. 300 p, of PEG so,u«,on (Spangenberg e, a, 1988, Z 

font r 7 T ^ Shaki " 9 - The ,ransfoma,ion mix - 

for 15 m,n. at room temperature with occasional shaking. 10 m, W5 so.ut.on were 
15 gradually added, the protopiasts pe„e,ed POg a, 400 rpm for 5 min., d TI 
supernatant removed. The pro,o P ,asts were resuspended in 0.5 m. K3 medium 
(Spangenberg el al 1988), ready for cultivation. 

C Culture of pro.op.asts, se.ec0on of transfomted ,ines and generation of 
transgenic tobacco plants "ranonot 

20 „, * PproXimatel V 5 * 10' Protoplasts were placed in a 6 cm petri dish Pre- 
wanned (melted and Kept in a water bath at 40^C> 1 :1 mix of K3 H med urn (4 5 
m (Spangen erg ef a, 1988, containing 0.8% SeaPlague™ agarose were ad ed 
and, after gentle mixing, allowed to set. 

After 20-30 min the dishes were sealed with Parafilm* and the protoplasts 
25 were cultured for 24 h in darkness at 24'C, fo„owed by 8. days in con, nu us ^m 
g . (5 umo. m s", Osram L38 VW21 Lumi,ux white tubas), during which time 2 

p ir 0611 divisions " The a9arose — - £E 

protoplasfc was cut into quadrants and placed in 20 m, of A medTm 
30 seiecon agent was added to a final concentration o, 50 mg fl kanamycin sulphl 
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(for npt2 expression) or 25 mg/i hygromycin B (for hph expression). Aiternative.y 
selection may be carried out using 20 mg/l phosphinotricin (for bar expression)' 
Samples were incubated on a rotary shaker with 80 rpm and 1.25 cm throw at 
24 C in continuous dim light. 

Resistant colonies were first seen 3-4 weeks after protoplast plating, and 
after a total time of 6-8 weeks protoplast-derived resistant colonies (when 2-3 mm 
-n dimeter) were transferred onto MS morpho medium (Spangenberg et a, 1988) 
solidified with 0.6O/O ( W/V) agarose jn 12 . we|| p , ates an(J ^ for ^ fo((owjng 12 

weeks at 24°C in continuous dim light (5 umol m * S -1, Qsram L36 W/21 Lumilux 
wh.te tubes). During this time, calli proliferated and reached a size of 8-10 mnr 
shoots that were rooted on MS hormone free medium (Spangenberg et al 1988^ 
dtfferentiated and transgenic tobacco plants were recovered. (Figure 5). 

The putative transgenic tobacco plants were screened by PGR and 
Southern hybridisation analysis. The PGR screening was undertaken using gusA 
specific primers for the initial identification of transformed plants (Figure 6A) The 
presence of the gusA gene was demonstrated by PCR-amplification of a 270 bp 
fragment using the forward primer: 

5'-CTTTAACTATGCCGGGATCCATCG-3' (SEQ ID NO:9) 
and the reverse primer: 



20 



25 



5'-TAACCTTCACCCGGTTGCCAGAGG-3' (SEQ ID NO:1 



0). 



The PGR positive transgenic plants were then analysed by Southern 
hybridisation to show stable integration of the transgene (Figure 6B). For Southern 
hybridisation analysis, genomic DNA was extracted from lyophi.ised plant material 

Z 9 H.^°T b r d Pr0t0C0, • ^ SamP,6S (1 ° ~ 15 ^ W6re ~d with 
fiemHI, H/nd.ll, EcoRI, or Xhol restriction enzymes. The resulting DNA fragments 

were separated on a 1% agarose ge, and transferred to Hybond N (Amersham 

Pharmacia Biotech) membranes. Hybridisation was performed according to the 

manufacturer's instructions and incorporation of DIG-dUTP into DNA probes and 
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detection of bound probes was performed using the DIG Luminescent Detection 
Kit (Roche Diagnostics Cat. No 1363514) following the supplier's protocol. 
Hybridisation conditions were: 4 x SSC, 50% (v/v) formamide, 0.1% (w/v) N- 
lauroyl-sarcosine, 0.02% (w/v) SDS, and 2% (v/v) blocking solution at 42°C. 
Membranes were washed twice in 2 x SSC/0.1% (w/v) SDS for five minutes at 
25°C then 0.2 x SSC/0.1 % (w/v) SDS followed by 0.1 x SSC/0.1 % (w/v) SDS, both 
for fifteen minutes at 68°C.Southern positive plants were transferred to soil and 
grown under glasshouse conditions until flowering. 

EXAMPLE 4 

Assay Promoter Activity in Plant Cell s Under Stahl e Conditions 

Tissue samples were collected from the Southern positive plants and 
screened by histochemical GUS assays to assess the expression pattern of the 
952 bp Lolium perenne promoter. Expression of the gusA reporter gene was 
observed exclusively in the pollen grains of the transgenic tobacco plants 
15 containing the 952 bpGUS fusion (Figure 7). 

These results indicate that the 952 bp region of Lolium perenne genomic 
sequence confers strong pollen-specific expression to the gusA gene coding 
sequence and is thus a pollen-specific promoter that represents an excellent 
candidate for applications requiring targeted gene expression to pollen cells such 
20 as, for example, transgene containment and/or the down-regulation of pollen 
allergen genes and/or induction of male sterility. 

EXAMPLE 5 




The steps in the production of transgenic ryegrass plants for the down- 
regulation of main pollen allergens Lolp 1 and Lol p 2, using chimeric genes under 
control of pollen-specific promoter, are shown in Figure 8. 
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A. Production of target material for biolistic transformation 

Multi-tillered, well-established donor plants, generated from seedlings, are 
vernalised at less than 10 °C (minimum 4 »C) under an 8 hour day length for a 
period greater than 8 weeks. Flowering of plants is induced by growing at 24 °C 
5 under an increased day length of greater than 12 hours (optimum 16 hours). 

Plants are monitored daily after the first 2-3 days of induction and floral 
tillers identified for harvest. Target immature inflorescences should be whitish in 
colour and no longer than 0.5 mm in length. 

Selected floral tillers are harvested by cutting just below the base node and 
10 before the youngest leaves. The tillers are stripped of all leaf material and 
collected in one clean plastic vessel. For sterilisation, the collection vessel is filled 
with a sterilisation solution containing 5% available chlorine with 5 drops of Tween 
20 for every 100 ml to ensure adequate sterilisation of plant material. Sterilisation 
of tillers is achieved by medium-to-high speed shaking for 20 minutes on a bench 
1 5 top platform shaker. 

Subsequently, tillers are rinsed thoroughly with sterile distilled water and 
transferred in batches of 8 - 1 0 on to sterilized sheets of A5 paper. 

Immature inflorescence are prepared, cut free from the base node and 
transferred to call! induction medium, LP5 [MS Macro, MS Micro, MS Vitamins 
20 (MS hormone free) with 5 mg/l 2,4-Dichlorophenoxyacetic acid and 30 g/l maltose] 
+ 250 mg/l cefotaxime. If the inflorescence in not intact (most likely in 2 pieces due 
to the cut), pieces may be plated individually. 

All dishes are sealed with parafilm and incubated in the dark at 24°C for up 
to 8 weeks to induce calli development. 



WO 2004/113536 

PCT/AU2004/000802 

21 

B. Preparation ofembryogenic call, for microprojeclifo bombardment 

.nflo Jrrr; T : e " 0WiSh <1 - 2X 

" y I an Tven T T ° nt ° Paper. Call are sguashed 

5 ^ Ce " S aCr ° SS diS ° and 4-6 

hours at room temperature to prepare cells for bombardment. 

C Preparation of particles for microprojectile bombardment 

To a sterile 1.5 ml Eppendorf tube, 10 pi transforming DNA (1 uo/ul- aen e of 
interest), 10 pi selectable marker (1 ug/ul) 100 ul mW „ „ , . 
,„„„,,..,„„, 1 M9 ' MI >' 100 9° ld Particle solution (60 mg/ml) 

100 p, 2.5 M CaC, 2 and 40 p, 100 m M spermidine are added vortexed fo7i 
10 minute and ailowed to sedlmen, for 1 minute. Tbe supemalan, is ^ 
partes are resuspended in 900 p, 10 0% (w/v) filte,s.en,i Z ed ethano. and mi^' 
The washed parties are sedimented and the washing step is repeated T he 
pertrcles are then resuspended in 200 p, 100% (w/v, filter sterilized eZT 

15 °' u !^aT ,i, H^ b0n,bardmen, ° f ' mma,Ure --derived ca.ii 

1 5 usrng a Biorad Particle Delivery System 

dn-Prt "TT*" are SOaked in (w/v) isoprapanol for 30 minutes air 

dned, embedded in autociaved macmcamer* and transferred to a U V sfortfil" 

? £ zr : 9 r ydra,ed * •* prepared — *> * - £ 

20 SeLT bov ^ as *«— • * 

Section C above, are then delivered to the target materia,, following the particle 
delivery systems manufacturer's instructions. 

25-C oltr SUbSeqUen " y Sea ' ed ^ ^ ^ in » a «- at 

E. Agrobacfer/um-mediated transforation of endogenic callus 

25 used fo T r h Z b T nfe ^ ° Mained " deSOribed ab0Ve « amatively be 
for ^rabactenum-mediated transformation. Sample tissues are inoculate. 
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by vacuum infiltration with an Aarobactori, 

AA amino acids and vitamins 2<-/ , , > ' (M maj ° r ' nor9anto 

am* « :::: 2 s ;:r 3% (w/v) ^ 

5 Samp,efe ---e,nen tra „s feTO d«os«ldtL a r ^ «•*"*»"»>• 

at 21 ° C - s — - ~- « as :r ,he dark 

IT* ° f ,ranS,0,med - ~ n * trans9enic ^ 

meaia, LP3 [MS Macro, MS Micro m<j • 
hormone free) with 3 mg/l 2 4-Dichlornnh* Vrtam.ns (MS 

. growth - o* B pjrrz^r r d 3 ° r a " osai * 

dark at 25°C for 48 hours Th« n* mcubated in the 

«— ^ :x r P3 rtrs: are ,hen * 

discs are transferred to solidified „ 2 "* fl,,er 

- - * 100 j:z;rrr:^ m T m ' msk (sp ~- 

under direct light at aKJ-JT ' aXime and incuba,ed 

« s :r:^r: n r condmons (ie hr **■ - 

20 development. } ° encoura 9e shoot and root 

incubated at 25° C under an «h u , 9 cefotaxime, and 

» -~ RnalIy , th : d ;:;: ° « - ^ 

containment glasshouse conditions ^ m " W * 8d Under 
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G D 2TT r ana,ysis of ,ranS9enic ,ye9rass p,ante ** ^w„. re8Ula „o„ 0, 

P U 9ens us,ng chimeric genes under * P— -P— 

Initial screening of the putative transnfW nflM „ • . 
5 achieved by PCR analysis. ° P nn ' al '"'^ P ' an,S is 

The p CR-POsitiv e transgenic plants are th en analysed by Southern 
hybnd,sa,ton to show stable integration or the transgene. Genomic 
exacted ta„ lyophilised plan, materia, using a CTAB-based protocol. DNA 

10 enzyn.es. The resu,«,ng DNA fragments are separated on a 1% agarose ge. and 
Werrod to Hybond N (Amersham Phamracia Biotech, membles 
Hybnd.sabon is performed according to the manufacturer's instructions and 
mcorporabon of DIG^UTP into DNA probes and detecflon of bound pro es 

15 CTr:; 1 " 9 T G LUmineSCent DeteC,i ° n K " (R ° Che No 
1363514 ollowng me supplied protocol. Hybddisation conditions are: 4 x SSC 

50/o * , onnam.de. 0.1% (w/v) N-lauroyl-sarcosine, 0.02% (w/v, SDS. and 2% 
v/v) , bloctong solution a, 42°C. Membranes are washed twice in 2 x SSC/0r/ 

tcZ o ;T,:r 8 at 2s ° c ^ 02 x ssc/ °- i% ^ s ° s . ° 

x SSC/0.1% (w/v) SDS, both for fifteen minutes a, 68 »C. Southern-positive pLts 
20 are transfer to sol, and grown under glasshouse conditions until flowering 

For SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and western blot 
a nays*, total proteins are extracted by grinding mature anthers from ryegrass 

mM PMSF followed by centrifugation a. ,4.000 rpm for 20 minutes a. 4°C SoluL 
25 pro,e,ns ,n the supernatant are guantlfied by Bio-Rad assay (Bio-Rad, Pro em 
are separated on SDS/15% PAGE gels on a Mini-Protean „ system B L Ra , 

EST steined wi,h coomassie bri " ian ' blue «» - — — 

For western blotting, the proteins separated by SDS-PAGE are tr»n rf „, * 
30 onto n^rocellulose membrane. The blots are probed wlth J^ZZZZ 
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human sera overnight at 4°C. The primary antibodies, including polyclonal rabbit 
anti-Lo/p 1 or polyclonal rabbit anti-Lo/p 2, are diluted 1:1000 by using PBS. The 
sera of patients allergic to grass pollen are used at a dilution of 1:10. Binding of 
polyclonal antibodies is detected with goat anti-rabbit fgG conjugated to alkaline 
5 phosphatase (Bio-Rad) at a dilution of 1:1000, while binding of human sera is 
detected with mouse anti-human IgE antibodies conjugated to alkaline 
phosphatase (Southern Biotech) at a dilution of 1:1000. Secondary antibody 
detection is carried out for 2 hours at 25°C. The colour reaction is developed by 
using an alkaline phosphatase conjugate substrate kit (Bio-Rad). Equal loading of 
10 total proteins from samples of transgenic and non-transformed control plants for 
the western analysis is ensured by quantifying total protein content and Bio-Rad 
assay staining of replicate gels for each extraction. 



EXAMPLE 6 




Transgenic male sterile plants are produced by introducing into the plant 
the nucleic acid molecule of the present invention in combination with a gene 
capable of modulating male fertility. Established methods for gene transfer to 
20 plants are used for the production of transgenic plants as described in 'Gene 
Transfer to Plants' I. Potrykus and G Spangenberg, Springer Lab Manual, 1995, 
ISBN 3-540 58406-4, and/or as set forth in Examples 3 and 5, above. 

The gene used to modulate male fertility is a gene critical to pollen 
development and/or germination. Suitable genes include, for example, genes 

25 encoding pollen callose synthase, pollen tubulin, pollen actin or some other pollen- 
expressed 'house-keeping genes'. The chimeric genes transferred into the plant 
for induction of male sterility lead to decreased expression of the endogenous 
plant pollen-expressed gene, whether encoding pollen callose synthase, pollen 
tubulin, pollen actin or some other pollen-expressed 'house-keeping gene'. ' This is 

30 achieved by placing an antisense nucleic acid molecule or dsRNA or small 
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l n nder T 1™* ^ P ' ant ^e. operab,y 

undertheconWofthep^oteraccordingto^ep^entinvention. 

malo - 7 e | CaPable ° f m0dU,ati "9 mate for the production of transgenic 

death a the site o, expression. Such genes inciude the gone encoding 2 
b ctena, secreted rihonuciease, barnase, derived from BaC/us «2 
The express™ o, a ^nsferred ch ime ric gene tha, includes the Jding seguenot 

IZoT 7 b3maSe fr0m Sa0 '" US operabiy unde 

«nw of the nuc,e,c acid moiecuie according to the present invent. ,eads to 
the spectfc-expression of the barnase gene in poiien, thereby reducing any 
unwanted s,de-e ff ects of expression of barnase in other plan, tissues. 

EXAMPLE 7 

IbeRes;^ of Male Fertility in sterile T,„^ pi 

Tran ; 9e " i0 ma ' e ferBle » lante are P r °«"oed by introducing into the plan, the 
nuce,c acd molecule o, the present Invention in combination with a gene «J£ 
o, reve, the action o, a gene that ieads to maie steniKy. Estabiild mTo 

l!h m 7 t0 P ' antS ' '■ POtrykUS and 6 SPangenbeng, Springer 

Lab Manual, 1995, ISBN 3-540 58406-4 and/or as set forth i„ E . 

above ' na/or as 8et forth ln Examples 3 and 5, 



The gene capable of restoring maie fertility of transgenic male sterile plants 
- generafed by the pollen-specflc expression o, a gene which results in cel, deat 
at the s,.e of expression, including the gene encoding the bacteria, secreted 

tz b :;t t Bac " ,us am ^^ - » a — - 

the effect of the male sterility gene. The barstar gene from Bacil,,,, 
arnwue*^. which encodes „. ^ « ^ 

nbonuclease barnase f rom SacV/us a myto /« ns , is used as maieTJT 
restorer gene. Chimeric genes that include the barstar gene from 6^ 

am «c fen , 0P6rably under mnM of me nuciejc a j m ^ a ^ 
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to the present invention, lead to the specific expression of me barstar gene in 
pollen^ Crosses of transgenic ma ,e sterile plants expressing the bamase gene 
operably under control of a pollen-specific promoter, including the nucleic acid 
mo ecuie according to the present invention, are made with pollen from transgenic 
male fertile plants expressing the barstar gene operably under control of the 
nucleic acid molecu.e accoroing to ,he present invention. Offspring recovered 
from these crosses lead to fertile hybrid plants. 

Those skilled in the art will appreciate that the invention described above is 
susceptibie to variations and modifications other than those specifically described 
It is to be understood that the invention includes all such variations and 
mod,fica«ons. The invention also inciudes al, of the steps, featuros. compositions 
and producte roferred to or indicated in this specification, individually or 
collectwely, and any and all combinations of two or more of said steps or features. 

Reference to any prior art in the specification is not. and should not be 
taken as, an acknowledgement or any form of suggestion that this prior art forms 
part of the common general knowledge in Australia or any other jurisdiction. 
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